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SECTION I

INTRODUCTION

Improving reading, communication, and mathematics basic skills of
enlisted personnel is receiving increased attention in the Navy. The impor-
tance of job-related training in basic skills for successful performance in
Navy traininq courses has been underscored (see for examnle, Baker and Huff,
1981). Currently, there are three Navy programs available to enlisted per-
sonnel deficient in basic or prerequisite skills: the Academic Remedial
Training (ART) Program designed for recruits, the Navy Campus Functional
Skills Program for permanent duty station personnel and personnel awaitinq
"A" school training, and the Job-Oriented Basic Skills, (JOBS) Proqram for
non-school eliqible personnel attemptinq to 'lalifv fopr "A" school. Com-
b inod enrollments for the three programs surpassed ?'),0()() in FY 81 (Stichi.,
19 1:).

A re(ent OPNAV instruction' directs the Chief of Naval [ducation and
Training (CNEF) to define required competency levels for all enlisted train-
ing courses and to design and implement training programs to achieve these
competency goals.

In the basic skills area, the qroaest. research mphisis has been placed
on remedial readinq instruction (e.g., Aiken, Duffy, and Nugent, 1977). The
Training Analysis and Evaluation Group (TAEG), working wiLh the Chief of Naval
Technical Training (CNTECHTRA), has made contributions in this irea (Brown
and Kincaid, 1932; Kincaid and Curry, 1979).

Concurrent with this, the Navy has sponsored research on remedial numeri-
cal skills instruction. Recent efforts are reported in Trown and Kincaid
(1981), Sachar and Baker (1981), and Bowman, Jones, Kaiser, Kincaid, and
McDaniel (1981). The prsnt report is a contribution to this area.

BACKGROUND

In most technical training courses, basic mathematical skills are course
prerequisites, yet students entering "," schools often require review and
instruction in basic arithmetic, squares and square rnots, and conversion-
Sachar and Baker, 1981). Students in Rasic Electricity and Flertronics
BF/E) school oft en do rut meet mathematics requirements in these samo area

anl are especially deficient in fractionr (Baker, 19,11).

S tudifs dealing with lhe Reoruit Iraininq and Apprentire Traii ,'inq
environment s have identified probl1ems similar to those found in the tech-
nical training environment. Graham, Jones, and Kai--r (19,30) and Bro:n in,i
Kincaid (1981) have shown that. in Recruit Training and Apprent ic:e Trailini,
13 toi 33 percent of the students have deficiencies in basic numerical skills.

IOPNAVINSI 1l1(.11 of 19 Aupi,,;I. l1, , "Inlisted iund,ul entil Skill,. Trainin ."
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In response to these deficiencies, the TAEG has been tasked by CNET 2 to
participate in the development and evaluation of mathematics basic skills
training materials for use in ART and in Apprentice Training. The TAEG, in
cooperation with the CNTECHTRA, developed and field tested a remedial mathe-
matics workbook titled Improving Your Navy Numerical Skills (Bowman, et al.,
1981). The workbook was designed as a companion document to a remedial read-
ing workbook Improving Your Navy Readinq Skills (Kincaid and Curry, 1979).
The prominent feature of both workbooks was the Navy-relevant content.

The TAEG recommended that the mathematics workbook be used in Apprentice
Training with students who have difficulty with elementary mathematics because
the workbook was designed around the numerical skills requirements of that
training program. It was also suggested that the workbook was suitable for
the ART program since that program does not contain any instruction in elemen-
tary mathematics. The workbook was designed to be part of a complete remedial
mathematics curriculum developed with standard academic materials.

Concomitant with the evaluation of the workbook, a mathematics curricu-
lum, developed by Memphis State University under the auspices of CNTECHTRA,
was designed to teach fundamental mathematical skills to low aptitude sailors
enabling them to attain at least "minimal proficiency" in mathematics. The
TAEG was tasked by the CNET to field test this curriculum at the Recruit
Training Command (RTC), Orlando. 3 The curriculum, based on the Stanford
Diagnostic Mathematics Test, contains material from the workbook Improving
Your Navy Numerical Skills (Bowman, et al., 1981).

PURPOSE OF THIS STUDY

The purpose of this study was to evaluate the training effectiveness of
the Numerical Skills Curriculum in the Apprentice Training program at RTC,
Orlando, and to provide suggestions for improvement of the curriculum. Results
of the study were intended to contribute to the CNET effort to implement
remedial mathematics instruction in the Navy training pipeline.

2CNET ltr Code N-53 of 20 December 1978.
3CNET ltr Code 022 of 9 September 1981.

4



SECTION II

METHOD

This section describes the Numerical Skills Curriculum and reports the
initial mathematics and lanquage achievement levels of Apprentice trainees
who served as subjects in the field test of the curriculum. Descriptions ,4f
the tests used to screen students for the program and to evaluate student
performance are also presented.

NUMERICAL SKILLS CURRICULUM

The Numerical Skills Curriculum, based on the Stanford Diaqnostic Mathe-
matics lest (SDMT), Brown Level (Beatty, Madden, Gardnipr, mind K.rlsen, 197b),
for grades five through seven, provides remedidtion in three broad skill
areas: Number System and Numeration, Computation, and Applications. Each
of theso skill areas is represented in a major sectio, of the curriculum and
each section i divided into molules. Each of the 13 modules is directed
toward a terminal objective. The terminal objectives specify the behavior
to be demonstrated by the student, the conditions under which the performance
is to occur, and the mastery criterion. Exit performance is assessed by a
criterion test for each module.

Terminal objectives are supported by enabling objectives in each module.
These objectives focus on skills at the lowest level of specificity. Several
activities that can he assigned for remediation are based on the enabling
objectives.

To illustrate the format of the curriculum, the enablinq objectives,
the assignments, and the criterion test for module 3.1 are present od as exam-
ples in the appendix. The complete curriculum is presented in a ,iipplemenlt
to this report.

The qeneral course qoals of the three major sections of the curriculum
are described below.

Number System and Numeration. The student demn,,trates an under-
standing of the whole number system, decimal place value, fractions, decimal ,
and numerical operations and properties.

Computation. The student demonstrates an understanding of basic
numerical operations of addition, subtraction, multiplication and divisioni
involving whole numbers, fractions, decimals, and number sentences.

Applications. The student demonstrates the ability to solv mathe-
matical word problems, tol use tables and qraphs for problem rolvinq, and to
apply knowledge of geometry and measurement..

TESTS

rhe followinq tests were used to assess student performance in the Numeri-
cal Skills program.
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METROPOLITAN ACHIEVEMENT TESTS (MAT): MATHEMATICS SURVEY TEST, INTERMEDIATE
LEVEL. The MAT is a series of tests designed to assess math achievement in
kindergarten thruugh the 12th grade (Prescott, Balow, Hogan, and Farr, 1979).
The test is standardized on a national representative sample of students to
provide a normative reference for the interpretation of scores. The Inter-
mediate Level used in this study, is designed for the grade span of 5.0 through
6.9. However, norms are extrapolated to cover the grade range from the first
grade through the 12th grade.

The test contains 50 items and requires about 40 minutes for idministra-
tion. Items measure mathematical skills in the following areas: numeration,
geometry and mr . urement, problem solving, operations (whole numbers), opera-
tions (laws and properties), operations (fractions and decimals), and graphs
and statistics.

Besides its use as a screening device for the Numerical Skills program,
parallel forms of the test, JS and KS, were used for pre-program and post-
program assessment.

STANFORD DIAGNOSTIC MATHEMATICS TEST (SDMT), BROWN LEVEL. This test is designed
to measure competence in concepts and skills that represent basic mathematical
competence necessary for continued study of mathematics. As a diagnostic
instrument, the SDMT focuses on the identification of specific skill deficien-
cies in more detail than does a general achievement test.

Four levels of the test are available for use with grade 1 through com-
munity college. The Brown Level, used in this study, is intended for use
with students in grades 6 and 7 and low achieving grade 8 and high school
stuo'ents.

Norms are extrapolated to cover the range from second grade through
eighth grade. The Brown Level test contains 117 items and requires 100 to
120 minutes for administration. The three subtests are Number System and
Numeration, Computation, and Applications.

The Number System and Numeration subtest requires that an individual
demonstrate a knowledge of the number system by counting, reading and inter-
preting numerals, and ordering numerals. Rational numbers and common frac-
tions are named as parts of a whole. Basic numeral operations and numeral
properties are also emphasized in this subtest.

The Computation subtest requires a knowledge of the computational activi-
ties of addition, subtraction, multiplication, and division. Computational
skills also involve fractions, decimals, and number sentences.

The last subtest, Applications, requires a knowledge of (1) problem
solving, (2) reading and interpreting tables and graphs, and (3) geometry
and measurement.

The three major sections of the Numerical Skills Curriculum are based
on these subtests, and the 13 modules (skill areas) of the curriculum cor-
respond to clusters of individual test items within each subtest. Response

6
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to test items were analyzed to identify each student's deficiencies in par-
ticular skill areas and prescribe the necessary remedial modules.

Parallel forms of the SONT, A and B, were used to provide pre-program
and post-program scores for all students in the study. Pass scores for each
skill area were based on eighth grade subtest norms.

NAVY NUMERICAL SKILLS TEST. This test was developed for use in conjunction
with the remedial mathematics workbook Impro'ving Your Navy Numerical Skills.
The first 24 items (Part 1) on the test assess basic computat-ionalskTT
and the remaining 26 items of the test (Part 11) measure proficiency in apply-
ing the skills to Navy-relevant problems.

Two parallel forms of the test, A and B, were used in this study to
assess these mathematical abilities before and after participation in the
Numerical Skills program. Both forms of the test are contained as an appen-
dix in Bowman, et al. (1981).

The test requires 40 to 50 minutes for administration.

CRITERION TESTS. The Numerical Skills Curriculum contains 13 criterion tests
which parallel the format of the SDMT. The purpose of the criterion tests
is to determine whether or not the student has achieved mastery in a particular
skill area before moving into another module of the curriculum or exiting
the program. In this study, a minimum performance level of 80 percent correct
responses was specified for each of the criterion tests.

The length of a criterion test is variable depending on the concept/skill
being measured. The length ranges from 10 to 15 items per test.

SCREEN ING PROCEDURE

The Metropolitan Achievement Tests (MAT): Mathematics Survey Test,
Intermediate Level was used to screen students for the program. The test
was administered to 296 Apprentice trainees awaiting entrance to the Fireman
Apprentice Training course. This particular group was chosen because the
Fireman course had a large backlog, which made these students available for
testing. Within this group, 65 trainees with mathematics achievement levels
below eighth grade were identified. Fifteen recruits participated in a pre-
pilot test and the remainder comprised the sample for the field test. A
summary of the aptitude scores and academic achievement scores of subjects
(N = 50) who participated in the field test is provided in table 1.

The group's mean mathematics grade level (MAT) was 6.9, and the mean
reading grade level (Gates-MacGinitie Reading Test, MacGinitie, 1978) at the
beginning of Recruit Training was 8.7. The scores from the ASVAB, given to
all personnel prior to their enlistment in the military, were about one stan-
dard deviation below Navy means.

7
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TABLE 1. DESCRIPTION OF APPRENTICE TRAINEES REFERRED TO THE
NUMERICAL SKILLS CURRICULUM (N=50)

STANDARD
TEST MEAN DEVIATION

Metropolitan Achievement Test:
Mathematics (Grade Level) 6.9 .7

Gates-MacGinitie Reading Test
(Grade Level) 8.7 1.9

Armed Services Vocational
Aptitude Battery (ASVAB)

Word Knowledge (WK) 44.8 7.0

Paragraph Comprehension (PC) 45.7 5.9

Arithmetic Reasoning (AR) 44.3 5.7

Numerical Operations (NO) 48.7 6.6

AFQT* 29.1 11.8

*The formula, AFQT = WK + PC + AR + NO, provides a raw score which is
converted to a percentile score.

8
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SECTION III

RESULTS

This section presents the results of the field test of the Numerical
Skills program. The results are organized into two parts: (1) analysis of
the remediation requirements of the sample and (2) analyses of the results
of evaluation tests given to recruits before and after their participation
in the Numerical Skills program.

REMEDIATION REQUIREMENTS

Diagnoses of mathematics deficiencies and the corresponding need for
remedial instruction were based on the results of the Stanford Diagnostic
Mathematics Test (SDMT). Of the 50 students involved in the program, 36
required remediation in only I or 2 of the 13 instructional areas that make
up the curriculum. Eight students needed remediation in 3 or 4 areas, and
six needed remediation in 5 or 6 areas.

To identify which modules were most frequently prescribed for remedia-
tion, the numbers of students who received remediation in each of the
modules was tabulated. The results are shown in table 2.

The modules of the curriculum prescribed most often were: Rational
Numbers and Numeration (39 of 50 students), Addition and Subtraction of
Fractions (26 of 50), and Geometry and Measurement (17 of 50). The
Numerical Skills instructors assessed particular remediation needs in each
of these areas by reviewing which questions each student missed on the SDMT.
For almost all students, remediation needs in the first two modules involved
understanding fractions. (Most questions involving decimals were answered
correctly.) In the third area, Geometry and Measurement, remediation
primarily involved metric units and conversions.

The other 10 modules of the curriculum were either never prescribed or
were prescribed for less than 15 percent of the students in the sample.
Included in this group were the Problem Solving module and the Tables/Graphs
module. Although test items from these modules involved application of
mathematical concepts, the problems were solved easily.

The data suggest that most students who entered the Numerical Skills
program required instruction in only a small portion of the total curriculum
and that the same instructional modules were prescribed to most students.

The Navy Numerical Skills Test, designed to measure mathematics skills
specific to Navy life, was not used as a diagnostic tool in this study; how-
ever, the test scores of the group were analyzed to determine general defi-
ciencies in mathematical areas relevant to the Navy. Scores on the two
parts of the Navy Numerical Skills pretest were analyzed separately. The
mean score on Part I (Basic Numerical Skills) was 97.9 percent and the mean
score on Part II (Numerical Skills in the Navy) was 58.4 percent. These
scores indicated that students were deficient in applying mathematical
skills to Navy-relevant problems, but were not deficient in the skills
involved in basic numerical operations.

9
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TABLE 2. NUMBER OF STUDENTS (FROM AN N OF 50) NEEDING REMEDIATION

IN EACH INSTRUCTIONAL MODULE*

Number System and Numeration Modules"* 39

Whole Numbers and Decimal Place Value?
Rational Numbers and Numeration"** 39
Operations and Properties 6

Computation Modules"* 34

Addition of Whole Numbers 0
Subtraction of Whole Numbers 7
Multiplication of Whole Numbers 7
Division of Whole Numbers 7
Addition and Subtraction of Fractions 26
Decimals 2
Number Sentences 2

Applications Modules"* 18

Problem Solving 0
Interpreting Tables/Graphs 3
Geometry and Measurement 17

*Students' diagnosed deficiencies are based on the results of the
Stanford Diagnostic Mathematics Test, Brown Level.

**A student may have needed remediation in more than one instructional
module.

***This section largely involves reading and interpreting fractions.

PRETEST-POSTTEST ANALYSES

Students remained in the Numerical Skills program an average of 8.5
days. The range was 3 to 28 days.

Performance was evaluated in terms of mean change in individual test
scores. The results are reported in table 3.

Table 3 indicates that the group made significant gains in mathematics
achievement after Numerical Skills training. The mathematics grade level
(MGL) as measured by the MAT increased from 6.9 to 10.4,3 and performance on
the Navy Numerical Skills Test increased by 9.3 percent.

31t should be noted that subjects were chosen for the program because they
had a low MGL. The MGL increase shown by the group after training may be
partially due to a statistical phenomenon known as "regression to the
mean." This means that, typically, people who receive extreme test scores
on some characteristic, when retested, score closer to the mean of the
entire group.

10
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Ten recruits in the sample were graduates of the ART program in
Orlando. Although their scores were included in all statistical analyses
presented in this study, the ART group's performance and their remediation
requirements were analyzed separately to determine if these measures
differed from the entire group.

The ART group spent an average of 8.8 days in the program. Five
subjects required remediation in one or two areas of the curriculum and the
number of areas required by the remaining ART subjects ranged from three to
six.

After participation in the Numerical Skills program, the mean MGL of
the ART group changed from 6.9 to 11.0 and their mean Navy Numerical Skills
Test score changed from 76.6 to 86.4 percent. These ART scores can be com-
pared with the entire group's scores shown in table 3. These change scores
indicate that the performance of the ART graduates and their remediation
requirements did not differ from that of the sample as a whole.

12



SECTION IV

CONCLUSIONS AND RECOMMENDATIONS

This ;iect ion d i' uso ttro, rt-su Its of the oirr icAlui evaluation and
presents rOconmendations for- curriculum imple entation.

CONCLUS IONS

the Numerical Skj -i roqr i was dw : io 1rL(.irs thle maithe-
mat ical ski]lls necPs Sar / to mneet Acaca0ni-l i def roe-: .ri i-urrr competency
requirefnert, ind -*t aco<isried tis a . -av ,prnt ce traine'es with
mathemit ics aclh rvenerit fvelc, h)e] w ' iahtk q, werto 61etiif itc, their
mathemat ical sk ;11 def C c res, were d girand reuit atoe] ird the
accump 1 ished the- des i I~ ; love l"

The ki-r-c;Ii -t:. :'e; ani a-er (,' :v, ', ,e oni ote, thut thir
time can hie roiiii -. *v ti-n~ V il.r~l~ ~ssmn of
remtediait ion h c: Te Navy ,r I T , i, s 1r no t n edePd ,
since it serve;: only to j1 ithp,- adldi, c! inf, w' 1 rrro in the ,tudy. Post-
tests with the A1 intol, Yainotl ii Cr, s ir, also not required
because thO Cturrc Ulur sCrit~riortn '~ 'a Irriciericy prior to exit
from wrodu li- or freticf proirami..

The Nlimer ic -] 1 : .' 1, ; xi -r 0 ir to acc iodate the
requirements ofpe i: ., Navy traiin.,, o4. N'e i'v jobs. Rather, the
curriculum was(r'S t ko to paral It, tic 'n tit, Stanford Diagnos-
tic Mathemat ics I ot r -,wn Lovel . Thu U 1ii' improves the academric
abilities of lo~h apt 1I' Ofil i st-d p,-,irr 1 p inq them to master basic
mathematical skit I rj ski] I s wi 11 -1 ilors to solve higher-order
mathematical prooleoc cci motered rn lb: r rorz ryovs (e.g., perscnal
finance) as well as oin trie job.

The currici urn its si,. tab it for tire 'I, a ceriodia, 1 rai' ing prograin
or it can he used as, a- ren-d i .1 iiodul1- in I ii.2 or rrrtlce Training program.
However, if a reinedial in mthematics p-oar.~ r, con,' aJct-kd necessary for Appren-
t ice I rain ing, tir, rewe] i a' riatnemat cs %er khcook ImjprovI rayour Navv Numerical
Ski]lls (Bowmran, ot all., 1981) shot ld tK' conis idred a,. ir' alternative to the
complete Numerical Skills; CUrr icrlum. The worlkboir is desiqned to teach
elementary matheinatical skills wit a t !,it, th') e cills appropriate to
the Apprentice Training pro)gram, and to qr'c1det ai job performance in the
Fleet . The wu)rk hook teaches nnreonut er]s i t ban the ciurr icuilutm,
and also stresses applicaition : t those sk r is to Nav-relevant problems.
FurthermOre, the workbook requ ires an averaqe of 2 - days ot supervised Study,
and two forms of the Navy Numerical Skills Test are available for pretesting
and posttestinq.

Considerij the- advantage;. and disadvantaqes of the workbook and the
curriculum, the workbook appears to hc the better choice for Apprent ice Train-
ing because two goals can be accomplished. That is, the workbook can) teach
basic numerical skills and the numerical skills specified as prerequisites
for Apprentice Training arnd job performance.
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Before the Numerical Skills Curriculum is considered as an addition to
the ART program, an analysis should be conducted to determine the extent of
the need for the program and the cost of the program in Recruit Training.

Measures providing useful information would concern retention and job
performance. These measures were unavailable during the time period of the
present study.

RECOMIENDATIONS

The following recommendations are based on findings from the field test
of the Numerical Skills Curriculum:

* Use the curriculum whenever the goal is to provide sailors an
eighth grade minimum competency level in mathematics. In each
application, use of the curriculum should be based on needs and
cost-benefit analyses.

* Use the workbook Improving Your Navy Numerical Skills and the Navy
Numerical Skills Test in Apprentice Training rather than the
Numerical Skills Curriculum to teach sailors various prerequisite
computational skills and higher-order mathematics application
skills relevant to Apprentice Training.

14
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CRITERION TEST 3.1

PROBLEM SOLVING

Directions: Read each question carefully. Choose the best answer

and mark the appropriate choice on t~ answer sheet.

EXAMPLE:

Joe bought 5 gallons of gasoline on Monday and 6 gallons on Wednesday.
How many gallons of gasoline did he buy on the two days?

a b cd
a. 10 b. 11 c. 12 d. 8 0 0 0 0

1. Jeff had $4 in money. He mowed a yard to earn $8 more. Which number

sentence would you use to find out how many dollars he had in all?

a. S12 - = $4

b. $4 + I =$8

c. $4 + $8 =fl1

d. $12 - $4 =E]I

2. Vera rode her bicycle 5 miles in the morning and 7 miles in the
afternoon. Which number sentence would you use to find the number
of miles that she rode in the morning and afternoon?

a. 12 - =5

b. 5 + 7

c. 1? - E] 7

d. 5 + 7

3. James has a grocery store game card with 4 columns for stamps. Each
column has places for 6 stamps. Which number sentence would you use
to show the number of stamps needed to fill the card?

a. 6 + 4 =Q:

b. 6 -4 C]

c. 6 4 j
d. 4 x 6 =E
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3.1 - 2

4. A club forms teams to play two kinds of games. One game has 4 teams
with 4 members on each team. The other game has 2 teams with 5 members
on each team. Which number sentence would you use to find the number
of members on all teams?

a. (4 + 4) + (2 + 5) =[

b. (4 x4) +(2 x5)~ 0I

c. (4 x5) + (4 x2)

d. (4 + 5) x (4 + 2)=

5. Mary buys a bag of candy that costs 39t. She pays for it with 5 dimes.

How much change should she receive?

a. ll

b. 21C

c. 34

d. 89c

6. Bill pays for a coloring pencil that costs 5%. If he pays for it

with 3 quarters, how much change should he receive?

a. 8c

b. 4U~

c. 54

d. l8

7. Jean jogs 3 miles each day for 5 days during the week. She jogs 6
miles on one day during the weekend. How many milesdoes she jog
during the six days?

a. 21 miles

b. 18 miles

c. 33 miles

d. 14 miles
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3.1 - 3

8. One brand of soap cost 32 cents a bar. Another brand costs 28 cents a
bar. Jim buys 4 bars of the cheaper brand of soap. How much did he
save?

a. 61c

b. l6

p C. 8C

d. 4

9. It takes 3 people working 9 hours to pick up the trash from a stadium
parking lot. How long would it take one person to do the job working
at the same pace?

a. 3 hours

b. 9 hours

c. 12 hours

d. 27 hours

10. Paul can drive 5 miles in 6 minutes. At the same speed, how many miles
miles can he drive in 18 minutes?

a. 18 miles

b. 90 miles

c. 15 miles

d. 10 miles

11. A 6-ounce glass of milk costs 30t. At the same cost per ounce, how

much would you pay for 12 ounces?

a. 6U~

b. $1.20

c. 72~t

d. $3.60
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3.1 - 4

12. It takes Carlene 2 hours to drive to the beach. What else do you
have to know to figure out if she arrives by 11:00 a.m.?

a. The number of miles to the beach

b. The speed that she drove

c. The kind of car she was driving

d. The time when she left

13. Bob earned $20.00 for painting the walls in a room. What else do you

have to know to figure out his hourly rate of pay?

a. How large the room was

b. How many hours he worked

c. How much paint he used

d. How the paint was applied

14. Sarah has worked 15 problems on her math homework assignment. What
else do you have to know to figure out how many problems are left
to be worked?

a. How long it took to work the problems

b. The kind of problems in the assignment

c. The number of problems in the assignment

d. How hard the problems are to work

15. You pay for 5 gallons of gasoline that you buy for your car. What else
do you have to know to figure out how much you paid for each gallon of
gasoline?

a. The total cost of the gasoline purchase

b. The kind of car

c. The car's fuel efficiency rating

d. The capacity of the car's gas tank
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